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Abstract 
Refraction may be affected by the forces of lids and extraocular muscles when eye 
direction and head direction are not aligned (oblique viewing) which might potentially 
influence past findings on peripheral refraction of the eye. We investigated the effect 
of oblique viewing on axial and peripheral refraction. In a first experiment, 
cycloplegic axial refractions were determined when subjects’ heads were positioned 
to look straight-ahead through an open-view autorefractor and when the heads were 
rotated to the right or left by 30° with compensatory eye rotation (oblique viewing). 
Subjects were 16 young emmetropes (18–35 years), 22 young myopes (19-36 years) 
and 15 old emmetropes (45-60 years). In a second experiment, cycloplegic peripheral 
refraction measurements were taken out to ±34° horizontally from fixation while the 
subjects rotated their heads to match the peripheral refraction angles (eye in primary 
position with respect to the head) or the eyes were rotated with respect to the head 
(oblique viewing). Subjects were 10 emmetropes and 10 myopes. We did not find any 
significant changes in axial or peripheral refraction upon oblique viewing for any of 
the subject groups. In general for the range of horizontal angles used, it is not critical 
whether or not the eye is rotated with respect to the head during axial or peripheral 
refraction.  
 
Keywords: eye turn, head turn, myopia, oblique viewing, refraction, peripheral 
refraction 
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 It is possible that changes in eye position or shape, under the influence of external 
factors such as lid tension and extraocular muscles, may influence central (or axial) 
refraction through changes in corneal curvature, crystalline lens shape and/or axial 
length (McCollim, 1989). Long periods of eye movements or oblique viewing may 
cause  extraocular muscles to exert lengthening forces on the eye ball which could 
conceivably lead to myopia development in susceptible individuals (Ferree and Rand, 
1932; Simensen and Thorud, 1994). Buehren et al. (2003; 2005) found that a 
combination of lid pressure and lateral scanning during a near task can affect corneal 
shape altering the retinal image quality, which may trigger an ocular growth 
mechanism leading to myopia.  
Radhakrishnan and Charman (2007) measured axial refraction and aberrations 
in right eyes of 10 young adult emmetropic and 10 young myopic subjects using a 
Hartmann-Shack aberrometer for “straight-ahead” and “oblique” viewing. They 
analysed the central 3.5 mm pupil to determine refractions and aberrations. For the 
”oblique” viewing condition, heads were rotated 30° to the right or left with 
compensatory eye movement to look into the aberrometer. They found that mean 
refraction M and oblique astigmatism J45 changed significantly with viewing 
direction, with left head turn/temporal eye turn having significantly different (and 
more positive) refractive components than straight-ahead viewing (mean changes in 
M and J45:  +0.09 D and +0.02 D respectively). There were no significant effects for 
the astigmatism component J180. Refractive group did not interact significantly with 
the changes in refraction with oblique viewing. Some subjects showed evidence of 
systematic change in refraction with oblique viewing. Radhakrishnan and Charman 
(2007) had 10 of their subjects read text at 25 cm for 20 minutes, but did not find 
additional changes in refraction for straight-ahead or oblique viewing.  
Extraocular forces of lids and/or extraocular muscles may affect peripheral 
refraction in addition to axial refraction. Some studies measured peripheral refraction 
by rotating an instrument relative to the eye (Ferree et al., 1931; Hoogerheide et al., 
1971; Rempt et al., 1971; Jennings and Charman, 1978; Jennings and Charman, 1981) 
and the equivalent to this of rotating the head relative to the instrument and keeping 
the eye in the straight ahead position relative to the head (Gustafsson et al., 2001).  
Some studies have rotated the eye relative to the instrument (Navarro et al., 1998; 
Atchison and Scott, 2002; Atchison, 2003; Logan et al., 2004; Atchison et al., 2005; 
Ma et al., 2005), and in other studies the relative degree of head/eye rotation was not 
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clearly explained (Millodot, 1981; Smith et al., 1988). Peripheral refraction is 
becoming of increased interest because of the possibility that this plays a role in the 
development of myopia (Hoogerheide et al., 1971; Wallman and Winawer, 2004) 
Thus it is important to establish whether the artificial situation of rotating the eye 
relative to an instrument affects measurement. Ferree et al. (1931) reported 
differences in peripheral refraction when eyes were rotated relative to the refracting 
instrument compared with when the instrument was rotated relative to the eyes, with 
long periods of oblique viewing inducing myopic shifts as much as 2.5 D. Seidemann 
et al. (2002) found that oblique viewing at 40 nasal visual field shifted the mean 
peripheral refraction myopically in three subjects by -0.45, -0.85 and -2.3 D. 
To investigate whether viewing condition could influence peripheral 
refraction, Radhakrishnan and Charman (2008) measured horizontal peripheral 
refraction out to 30° when the peripheral angle was created by rotating the eye and 
head together (straight-ahead viewing) or rotating the eyes alone (oblique viewing). 
They did not find significant differences in peripheral refraction components between 
straight-ahead and oblique viewing conditions, even when oblique viewing was 
sustained for up to 2.5 minutes.  
We have conducted experiments similar to those of Radhakrishnan and 
Charman (2007; 2008) on the influence of oblique viewing on axial and peripheral 
refraction and we report these here. Radhakrishnan and Charman did not use 
cycloplegics for either study. If accommodation is active, then small differences in 
viewing distance between central and oblique viewing could lead to refraction shifts. 
We used an automated refractor with which we performed cycloplegic measurements 
to reduce the influence of accommodation, and we considered age-related effects as 
well as refractive error for the axial refraction investigation.  
 
 
Methods 
 
The study followed the tenets of the Declaration of Helsinki. Each subject gave 
informed consent after verbal and written explanation of the risks involved. The study 
was approved by the Queensland University of Technology Human Ethics committee. 
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Experiment 1 – axial refraction and oblique viewing 
 
Fifty-three subjects were recruited and assigned to one of three groups based on age 
and refraction. Group 1 consisted of 16 “young” emmetropes (mean refraction 0.47 ± 
0.35 D, mean age 23 years, age range 18-35 years), group 2 consisted of 22 “young” 
myopes (mean refraction -3.5 ± 1.92 D, mean age 24 years, age range 19-36 years), 
and group 3 consisted of 15 older emmetropes (mean refraction +0.51 ± 0.41D, mean 
age 51 years, age range 45 to 60 years). Only right eyes were assessed, with left eyes 
occluded during measurements. Subjects were screened for any ocular pathology. All 
subjects had < 0.75 D axial cylinder and best corrected visual acuities of  6/6. One 
drop of 1% cyclopentolate was instilled in right eyes, followed 30 minutes later by 
accommodation amplitude measurement with the push-up method; in all cases 
amplitude < 2.0 D.  
Refraction measurements lasting 15 minutes completed a session. Subjects 
looked at an LED target 3.3 m in front of an open-view Shin-Nippon SRW-5000 
autorefractor (Shin-Nippon Commerce Inc., Tokyo, Japan; Figure 1). Subjects were 
stabilized with a bite bar which was rotated using an angular scale to achieve different 
viewing conditions. The bite bar was inclined towards the refractometer so that the 
facial plane of the subject was approximately vertical. Prior to measurements, the 
instrument was carefully aligned with the fixation target by ensuring that the centre of 
the red-square seen by the subject when the instrument was activated coincided with 
the target. Refraction measurements were taken every 15 seconds for 3 minutes while 
different viewing positions were maintained (Figure 1). These viewing positions were, 
in order, 1 - straight-ahead, 2 - head turn 30° to one side with compensatory eye 
rotation, 3 - straight-ahead for a second time, 4 - head turn 30° in the opposite 
direction to that in step 2, and 5 - straight-ahead viewing for a third time. Order of 
oblique viewing was randomised. We refer to leftwards head rotation/temporal eye 
rotation as 30° temporal viewing to be consistent with the terminology used by 
Radhakrishnan and Charman (2007) and took this as a positive angle.  
The sphero-cylindrical refractions were converted into mean refraction M, 
with/against the rule astigmatism J180 and oblique astigmatism J45 components 
(Thibos et al., 1997; Atchison, 2004) 
Statistical Package for the Social Sciences  (SPSS Inc., 
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Chicago, IL, USA) was used for repeated-measures analysis of variance 
(ANOVA) for each refraction component, using viewing condition (30 nasal 
viewing/straight-ahead/30 temporal viewing) as within-subject factor. As there was 
no evidence of any trends in any refractive component within the three sets of 
measurements for straight-ahead viewing, the mean of the first set of 13 
measurements for each subject was used for repeated measures ANOVA. Analyses 
were done for all 53 subjects without a between-subjects factor, for each of the three 
groups separately, for emmetropes with age as a between-subject factor, and for the 
young subjects with refractive group as a between-subject factor. Mauchly’s test of 
sphericity was used to test the homogeneity of variances. If the variances were 
unequal, the degrees of freedom were reduced according to the Greenhouse-Geisser 
correction.  
Refractive components for individual subjects were compared using 2-tailed 
unpaired t-tests for the 3 viewing conditions using a Bonferroni correction 
(probabilities must be < 0.017 for significance).  
 
Experiment 2 – peripheral refraction and oblique viewing 
 
Subjects were 10 emmetropes (mean refraction 0.6 ± 0.5 D, ages 20 to 28 years) and 
10 myopes (mean refraction -3.75 ± 1.2 D, ages 23 to 52 years). Only right eyes were 
assessed, with left eyes occluded during measurements. All subjects had < 1.25 D 
axial cylinder and best corrected visual acuities of  6/6. One drop of 1% 
cyclopentolate was instilled in right eyes, followed 30 minutes later by 
accommodation amplitude measurement with the push-up method; in all cases 
amplitude < 2.0 D. . 
The experimental set-up was similar to that of Experiment 1. Subjects looked 
at targets mounted on a wall 3.3 meters in front of the autorefractor (Figure 2). The 
targets were black crosses (3 cm x 3 cm, stroke width 4 mm), combined, if necessary 
for the higher myopes, with a bright LED. Five measurements were done in quick 
succession while the subject looked at the central target or rotated the eye in oblique 
viewing to look at targets 34°, 30°, 25° and 20° rightwards and leftwards (Figure 2a). 
Next the bite bar assembly was rotated so that the head rotated the required angle and 
the eye remained straight-ahead with respect to the head (Figure 2b) and five 
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measurements were taken at each visual field angle. This procedure of peripheral 
refraction measured in oblique viewing and straight-ahead viewing was repeated four 
times. For statistical analysis, an average of 25 measurements was used for a given 
angle and viewing condition. During peripheral measurements the instrument was 
aligned with the centre of the pupil. Rightwards eye turns and head turns 
corresponded to the nasal visual field (temporal retina) and were taken as positive 
visual field angles. This was consistent with Radhakrishnan and Charman (2008) who 
took temporal retinal eccentricities as positive angles. 
The sample size for M, J180 and J45 at each visual field angle was estimated 
using the formula, 
2
2/)( 


E
znsamplesize   
where 2/z  is the critical value for α = 0.05, 2-tailed distribution and study power of 
80%, σ is the standard deviation from an original sample of 9 subjects, and E is the 
effect size of 0.12 D. Only for 3 out of 27 combinations of refraction component and 
visual field position was the sample size more than 20. Hence, 20 subjects were taken 
as the sample size and included 10 emmetropes and 10 myopes.  
SPSS was used for repeated-measures analyses of variance (ANOVA) for each 
refraction component, with visual field angle (8 angles excluding 0º) and viewing 
condition (straight-ahead/oblique viewing) as within-subject factors. ANOVAs were 
performed both with and without refractive error group as a between-subject factor. 
As before, degrees of freedom were reduced when homogeneity of variances was not 
satisfied.  
We could not take measurements at -30° and -34° visual field for one subject 
and at +34° for another subject because of facial limitations, and corresponding data 
was treated as missing values during the analysis. The missing values were estimated 
through multiple linear regressions using SPSS Missing Value Analysis.  
The refractive components at each viewing angle for straight-ahead and 
oblique viewing conditions were compared for individual subjects using paired t-tests. 
Because there were 8 non-zero visual field angles, a Bonferroni correction was 
applied so that p < 0.006 was considered significant. 
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Results 
 
Experiment 1 – axial refraction and oblique viewing 
 
Figure 3 shows the mean change in axial refractive components for the 3 subject 
groups when the head was turned by ±30° from the straight-ahead position. Changes 
were calculated by subtracting the straight-ahead values from the oblique viewing 
values. Error bars show the 95% confidence intervals of the mean differences. “N” 
and “T” represent nasal and temporal eye turn, respectively. These show small effects 
of oblique viewing (absolute maximum 0.07 D) and small differences between groups 
(maximum 0.12 D). 
 None of the ANOVAs showed significant effects of oblique viewing for any 
of the refraction components. For example, the results for ANOVA for all the subjects 
were: M (F2, 52 = 1.74, p = 0.18); J180 (F2, 52 = 1.74, p = 0.19); J45 (F2, 52 = 2.06, p = 
0.13). There was no significant interaction between age and oblique viewing, nor 
between refractive error and oblique viewing 
Despite there being no significant effects for the subject groups, there were 
many subjects who showed significant differences with unpaired t-tests in one or 
more refractive components between different viewing conditions. Figure 4 shows the 
number of subjects who showed significant differences and had differences > ± 0.25 
D for M and > ± 0.125 D for J180 and J45. Taking into account the greater number of 
myopes (22) than young emmetropes (16) and older emmetropes (15), there are no 
apparent differences between the groups in this regard.  
Measurements were repeated approximately 2 months later for 4 subjects who 
showed noticeable effects of viewing condition on refraction. Only one of these 
subjects showed similar differences for one of the refractive components on the 
second visit. Figure 5 shows the measurements on the two visits for two of these 
subjects. Subject 17 (Figure 5a and 5b) showed repeatable differences for M 
(temporal viewing vs. the other viewing conditions) although not for J45 (nasal 
viewing vs. the other viewing conditions, and subject 25 did not repeat (Figure 5c and 
5d) the considerable difference between temporal viewing and the other viewing 
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conditions for M. This repeat analysis suggests that the significant effects of oblique 
viewing on refraction for individuals shown in Figure 4 were not real effects. 
 
Experiment 2 – peripheral refraction and oblique viewing 
 
Analyses of variance did not show significant effects of viewing condition for 
any of the refractive components, with or without refractive group as a between-
subjects factor. As would be expected, refractive group had a significant influence on 
M. Also visual field angle had a significance influence on J180 and J45 both with and 
without consideration of refractive group. Figure 6 shows the mean differences in 
peripheral refractions measured with eye turn and head turn. The absolute mean 
differences were < 0.15 D for M and < 0.10 D for the astigmatisms across the visual 
field. When analysed individually, 6 subjects showed a significant difference between 
straight-ahead and oblique viewing conditions for J180 or J45 at least at one visual field 
angle. None of the differences was > ±0.25 D.  
 
 
Discussion  
 
We found little evidence of changes in axial or peripheral refraction due to oblique 
viewing in the horizontal meridian, regardless of whether possible influences of age 
and refractive group (emmetropes and myopes) were taken into account. This 
indicates that it is generally appropriate to measure refraction with eyes rotated 
relative to the head. This largely supports the results of Radhakrishnan and Charman 
(2007; 2008). They did find some significant differences between straight-ahead and 
temporal viewing conditions for axial refraction, but these were small (M = 0.09 D 
and J45 = 0.02 D) and not of clinical importance. Unlike us, they did not use 
cycloplegia and this may have caused changes in accommodation over time in some 
subjects. 
Like Radhakrishnan and Charman (2007; 2008), our results were limited to 
oblique viewing for only short periods of time and longer fixation duration might 
have produced noticeable effects. We cannot tell whether bigger angles (> 34° for 
peripheral vision or > 30° of oblique viewing for axial refraction) might have 
produced effects. Also, we investigated only the horizontal visual field and it is 
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possible that there are greater effects of lid forces on refraction along other meridians. 
Based on our results and those of Radhakrishnan and Charman (2008), and with the 
above provisos, it is reasonable to disregard variations in oblique viewing when 
comparing peripheral refraction studies.  
 
Conclusion 
 
We found that axial and peripheral refraction measurements are little affected by short 
periods of oblique viewing for horizontal angles out to about 30º. In general for the 
range of horizontal angles used, it is not critical whether or not the eye is rotated with 
respect to the head during axial or peripheral refraction.  
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Figure Captions 
 
Figure 1. Experimental setup in Experiment 1 for axial refraction, showing (a) 
straight-ahead viewing, and (b) oblique viewing when the subject’s head is rotated by 
30° rightwards with compensatory nasal eye rotation (this is the -30° nasal viewing 
condition). 
 
Figure 2. Experimental setup in Experiment 2 for peripheral refraction showing (a) 
oblique viewing for +30° nasal visual field, and (b) straight-ahead viewing (head and 
eye aligned) for +30° nasal visual field.  
 
Figure 3. Change in axial refraction with oblique viewing for young emmetropes, 
young myopes and older emmetropes in Experiment 1, showing (a) spherical 
equivalent refractive error M, (b) with/against the rule astigmatism J180, and (c) 
oblique astigmatism J45. Error bars represent 95% confidence intervals for the mean 
differences from straight-ahead viewing. For clarity, some data are displaced slightly 
horizontally. Positive angles correspond to leftwards head rotation and compensating 
temporal eye rotation (T). 
 
Figure 4. Number of young emmetropes, young myopes and older emmetropes 
showing significant differences in axial refraction for different oblique viewing 
conditions for each of the refraction components in Experiment 1 (where differences 
> 0.25D for M and > 0.125D for J180 and J45). 
 
Figure 5. Results of repeated measurements for 2 subjects in Experiment 1. The plots 
show the change in refraction with oblique viewing. The error bars represent 95% 
confidence intervals of mean refractions. Subject 17 had repeatable measurements for 
M differences, but subject 25 did not have repeatability in the change in refractive 
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components. The difference in M for subject 17 between straight-ahead and 30° 
temporal eye rotation was 0.15 D ± 0.11 D and 0.22 D ± 0.09 D in the first and 
second visits, respectively. For clarity, data are displaced slightly horizontally. 
 
 
Figure 6. Mean differences in refraction between straight-ahead and oblique viewing 
conditions in Experiment 2. The error bars represent 95% confidence intervals. “N” 
and “T” represent nasal and temporal visual fields, respectively. 
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